The low-cost apartment concept was prescribed by Government to supply residential needs. The persons with disability (PwD), constituting 0
Introduction of the subject
The Government and Developers have been pursuing the fast-paced development in residential provision with the low-cost apartment concept. On the other hand, the persons with disability (PwD), constituting of 1.46 million people in Indonesia (or 0.74% of 197 million populations) (Badan Pusat Statistik Indonesia, 2001 ) iv needed the proper and accessible housings. In Surabaya, approximately five thousand (5,000) PwD were documented in 2010 or 0.1% from total population (BPS Surabaya). v The PwD population needed attention for the accessible issue in housing. Therefore, the accessible low-cost apartment concept was needed for the provision. The 36-sqm-apartment initially were designed to cater a wheelchair user and spouse. But, later the apartment design was also acceptable for other users' spectrum (blind and deaf persons). Therefore, the apartment was found inclusive for spectrum (wheelchair users, blind and deaf persons).
The accessibility issue could be answered with Inclusive Design method. The inclusive design was designed method that facilitates as many as possible users with consideration of their needs, safety as well as easiness. The process facilitated the minority society, disabled people, the elderly and children, received less attention in the common design process. On the other hand, Furthermore, the Nations Convention on the Rights of Persons with Disabilities, 2008 improved the understanding of disability as human rights and stated development priority for PwD, especially for housing. (WHO, 2011 This apartment was assumed to be used by Dr. Arina and spouse. Her disability spectrum was a limitation in locomotion and range because of polio. Crutches were used for her everyday activities outdoor activities but wheelchair was selected for her everyday activities at home. The wheelchair required a larger circulation space and maneuver. The apartment, design should be designed based on 5 principles of inclusive design (Tanuwidjaja et al., 2016) ix with zoning, façade redesign, arrangement of furniture, furniture design, and material.
Research theory and methods
To create the apartment design, several steps were conducted following the inclusive design such as: 1. The literature reviews and exploration 2. Interview and photo documentation of the PwD 3. Preliminary Design 4. Participatory workshop with Dr. Arina 5. Finalization of Preliminary Design 6. Participatory workshop with another person with disabilities in Surabaya and Bandung. Literature reviews were conducted to understand the standards for accessible homes for PwD especially related to the PwDs with wheelchairs and crutches. Besides the standards, students were assigned to explore the PwD disability as well as potential. The students simulated as the PwD using wheelchair and crutch. With this simulation, students' knowledge and awareness were improved. Interviews and photos documentation of the PwD were conducted to gather information on PwD and their homes.
The apartment preliminary design was prepared initially by the students in discussion with lecturers. To ensure the inclusiveness, the participatory workshop was conducted with Dr. Arina as the future user of the apartment. Incorporating the input from Dr. Arina, the design was later developed. And to create more universal apartment design, additional 2 workshops were conducted with the wheelchair users, blind persons, and deaf persons. The workshops were conducted with the architectural model to explain the apartment design to the PwD. The model was developed with a scale of 1:20 to be easily understood by the participants of the workshops.
To increase the public awareness of the universal design, the exhibition of apartment design was conducted in Grand City Mall and Library@Petra (Petra Christian University Library). Additional designs of homes and school were also included in the exhibitions. Social Campaign was also conducted concurrently with the exhibitions. 
Result and discussion
The apartment program was initially adopted from the normal studio apartment sold in Surabaya. The apartment was adjusted for the tropical climate with rezoning the toilets to the external part of the unit. The apartment program catered of working, sleeping, bathing, eating and simple food preparations. The apartment is designed as simple as possible and adjusted with height and range of wheelchair users. The studio room contains a bedroom, working area, bathroom, and pantry area.
The apartment were designed with Five Inclusive Design Principle as design principle as discussed as follow: 
User Centered Principle
The principle was applied in the participatory designs and workshops involving PwD, especially Dr. Arina Hayati.
Equitable but Reasonable Use
The sliding main door and harmonica door (of the bathroom) were designed with a clear width of 95cm for wheelchair access.
The 150 cm width circulation spaces of the unit was designed to facilitate the wheelchair's maneuver.
Maneuvering clearances underneath the table top in the working areas and pantry area. These tables were designed within reach of wheelchair users (width of 50cm and height 110 cm). The higher storage would be designated for other non-disability users.
An adjustable shower for wheelchair users and non-disability users. The shower head could be adjusted from 110 cm or 170 cm. Meanwhile, the hot and cold water tap was designed by 80cm height.
Simple and Intuitive Use Principle
Zoning of the apartment for easier circulation. The bedroom was located in the inner part of the unit, the working area and pantry area were located in linear design and the bathroom was located in the external area of the unit for healthier apartment design (to reduce dampness coming into the unit).
It was also applied with the use of water taps, doors as well as kitchen drawers that easy to use.
Low Physical Effort Principle
The accessible tables, the maneuvering spaces, and shower head design. This would make the apartment features easier to use.
Small Level difference (0.5 cm)s between a bathroom and the rest of the area.
The toileting chair was also provided to implement the principle.
The principle was also related to the lower windows sill of the apartment for viewing of the th International Conference on Architecture Research and Design (AR+DC)
No. Principle Characteristics wheelchair users.
It was also applied with selecting non-slippery linoleum floor for the bedroom areas. The floor would be easy to clean by the users.
Lifts also were needed for facilitating access of the wheelchair users.
Prohibition of Usage Error Principle
The principle was applied with a non-slippery material in kitchen and toilets.
Additional features for prohibiting errors were also applied such as railings in the toilets, closed electrical sockets, etc. Beside the design input above additional features could be added for facilitating other PwDs. The blind (total and low vision) persons needed an additional guiding path for non-sharp edges (walls, tops, and tables), the apartment corridors, the apartment lifts with sound identification for the floor, the water tub and shovel option for bathing, the braille signs on the doors, tables and cupboards doors.
Meanwhile, the deaf persons needed special lamps installed on top of the door frame. The lamps would be connected with doorbell, fire alarm, the cooking utensils or other applications that create safety alarm. The alarms sound should be translated into different lights color. Besides that, the deaf person needed a rounded table and seating for easier sign language communication. Glass doors could be implemented in the interior of the apartment or houses for easier sign language communication. Visual signage was also needed to facilitate wayfinding in the apartment's blocks. So additional text telephone should be installed inside of the lifts.
Conclusion
Residential provisions for Person with Disability (PwD) were not an easy task to do. Inclusive design method was the only solution for the affordable and sustainable for the design. On the other hand, many additional features needed low-cost design to be easily implemented in the public buildings especially a low-cost apartment. This would create the research opportunity for the disability aid design. And the design would also benefit all users such as pregnant women, children, elderly users, etc. 
